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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE No. 1087

LANGLEY FULL-SCALE-TUNNEL INVESTIGATION OF THE FUS@LAGE

BOUNDARY LAYER ON A TYPICAL FIGHTER AIRPLANE

WITH A SINGLE LIQUID-COOLED ENGINE —

By K. R. Czarneckl and Jerome Pasamanick

SUMMARY

A.ninvestigation has been made in the Langley full-
scale tunnel to determine the thickness and shape of pro- -
file of the boundary layer on the fuselage of a typical
monoplane fighter airplane with a single liquid-cooled
engine. The results showed that, for the range of angles

\ of attack ant?fuselage stations investigated, the fiaximum
displacement thickness was nearly 1.2 inches and was at
the most rearward station (81.6 pGrcent of the fuselage

c length). The displacement thickness was found.to:be
greatly affected by the pressure gradients over the
windshield-canopy combination and in the wing-fuselage
juncture. An average value for the shape parameter (ratio
of dis lacement thickness to r.omentum thickness) between 1.3
and 1.c was obtained for the turbulent boundary layer.

-.

INTRODUCTION

The design of efficient charge-ai_r and,cooligg-air
inlets for locations where the boundary layer i-sof
appreciable thickness is generally complicated by the
tendency of the boundary layer-toward separation in th6-
range of inlet-velocity ratios normally encountered in
high-speed or cruising flight. ‘In some designs-,par-
fiicularly those in which the inlet is located in a region
of adverse pressure gradient or in which the inlet is

* flush with the fuselage surface, the pressure losses.
resulting from flow separation are so large that it is

—

usually necessary to dispose of the boundary layer by
means of an external gutter or an internal bypass duct. .

‘1
Some idea of the quantities of air that must be removed - ““”-
in order to obtain smooth flow with good pressure
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recoveries can be obtai,nedfrom reference 1. AS
an additional aid to the design of slots, gutters, and
other boundary-layer-removal devices, an Lnvestigati.on
has been made at the Langley full-scale tunrselto de&er-
mine- the thickness and shape of profile of the boundary
‘layer at various locations on the fuselage of a typical
monoplane fighter airplane with a single liquid-cooled
engine. The investigation was made on the model without
a Pro :ller and “over an angle-of-attack range from -1.’7o
to l/..~ which corresponds to airplane attitudes ranging
from th& dive condition to the condition for maximum rate
of climb.

SYMBOLS

u local velocity inside boundary layer

IT local velocity outside boundary layer

UO f~ee-stream velocity

P static-pressure coefficient (~ - (VUO)2)

u. angle of attack of fuselage thrust
respect to relative free-stream
degrees

6 full thickness of boundary layer

5+$ displacement- thickness of boundary

(1?5( o+ dy
o

line with
direction,

layer

e momentum thickness of bound~ry layer

(s

6
u

(
u

0oti l-tidy

H

Y

()boundary-layer shape parameter ~
/

distance normal to fuselage
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MODEL AND TESTS

A

.
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3
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A full-scale ~odel of a typical .liquid-,cooled-engine
midwing fighter airplane was used for the investigation. The
airplane is shown mounted in the Langley,full-scale tunnel in
figure 1, and the general arrangement ‘of the model *,s
shown in figure 2. As these figures show, the “testswere
made for the model without a propeller, ,wft~ogt actsj

and without tail surfaces. All gaps on the fuselqge, such
as those left by the removal of t“ljeduct a“ndtail “assem-
blies and,the gap between the spinner and”fuselage, were
sealed and faired, and all protuberances, ~uch as..radio,p
antennas and gun-blast tubes, were,removed. The ‘wing
section is a modification of an NACA 230-series aitifoi~
and varies f~om lr-percent thickness at the root chord
to g-percent thickness at the tip.

The boundary-layer profiles were determined at”five
fuselage stations ranging from 14.9 to 81.6 percent “of
the fuselage length (see fig. 3) by means of fo~ rakes
mounted normal to the surface at the top, bottom, and
two sides of the,fuselage, respectively: The rakes
fdetailed in f:g. 4) were 9+ inches in height, cbnsisted

of 13 total-pressure and 2 static-pressure tubes each
1/I.6 inch itioutsidediameter, and were mounfied with.the’

.—

bottom total-pressure tube approximately,.flush with the
fuselage stirfac”e. Previous investigati~us {re??rences 2 _____
and 3 ) have”showti”that flow separation in the boundary
layer ahead’of. an air inlet located in the thin boun.dayy
layer at the-nose of the fuselage occurs “qtinlgt-velocity
ratios below 0.3 and tkiat the total-pressure losses are. ‘

.

usually small. For this reason, no attempt was made to
determine the profiles of very thin boundary layers. In
order to prevent any interference effects resulting from-
rakes installed in tandem, the tests were restricted to
the measurement of boundary-layer profiles at a-single”
station at a time. ,-.

The investigation was made at angles of attack of -1.7°,
0.2°, and )+.8°,which correspond approximately to the dive,
high-speed, and climb attitudes, respectively, ,for this
airplane. A>l pressure measurements were made at a tunn=l
airspeed of approximately 63 miles Per hours.which .co!’r9_–___
spends to a Reynolds number, based,on a mean.geometric
chord Of 5.47 feet, of 3,200,000. .-
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RESULTS AND DISCUSSION
—

—.

.
●

The results of the fusela e boundary-layer investi-
Fgation are presented in figure 5 in the form Qf boundary-

layer velocity profiles. !QAn a proximate indication of
the pressure distribution over the fuselage may be obtatied
from figure 6. The results indicate that the full thick-
ness of the boundary layer 5 at any point on the fuselage
ahead of the wing leading edge (ahead of station B) never
exceeded 1 inch, but that beyond this point 6 began to
increase rapidly and was greatly affected by pressure
gradients in the wing-fuselage juncture and over the
canopy-windshield combination.

For the design of boundary-layer-removal devices,
the displacement thickness of the boun@ry layer @ is
a more useful criterion than 5 because it is more
accurately defined by the experimental measurements.
The displacement thickness is physically a measure of the
displacement of the potential flow resulting from the
velocity deficiency within the boundary layer. The exact-
amount of air that must be removed to ensure efficient
inlet performance is not known, but references 4.and 5
indicate that the quantity per unit slot length probably
should not exceed U5*. Analysis of the results reported
in reference I_indicates that, for correctly designed
boundary-layer-removal ducts, good pressure recoveries
were obtained in the main duct of a protruding scoop when
the quantity of air removed was equal to 0.75U5*. Curves
of the growth of &:+ along the fuselage of the model used
in this investigation are given in figure 7.

In general 5* increased slowly to station B, where
it was about 0.1 inch on the top and bottom of the fuse-
lage and 0.2 inch on the two sides. Beyond this station,
5* was greatly affected by the pressure gradients over
the canopy-windshield combination and in the wing-fuselage
juncture. Figure 7 indicates that the boundary layer on
top of the canopy was very thin, partly because some of
it was swept off to the sides of the windshield and
partly because the pressure gradient was favorable over
the windshield-canopy combination. In the wing-fuselage
juncture (ffg. 7, right side and left side), a-~ appears
to---havebeen considerably increased. This Increase is
caused by the fact-that adjacent boundary-layers on the

,

I

.
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wing and fuselage flow into the.high-velocity, low-pressure
region in the forward part of the juncture and there is
a very steep adverse pressure gradient in the rear part.
The smaller values of @. obtained on the sides of the
fuselage at station D are attributed to the fact that the
path or the flow is not directly from the rake at station C
to the rake at station D and therefore the values are not
for the same-streamlines. For the range or angles of
attack and stations investigated, a-maximum value of. 5+$ “-
of nearly 1.2 inches was obtained at the most rear-wati’
position, station E.

A plot of the shape parameter H, which is an index
of the tendency of’the turbulent boundary layer toward
separation, is given in figure 8. TOO much significance
should not be attached to the values of H at station A
and on top of the fuselage at station C, inasmuch as the
boundary layer at these locations was thin and the botidary-
layer profiles at these stations were not accurately deter-
mined. The average value of H for the turbulent boundary
layer was about 1.3 at station B and generally $ncreased”
slightly toward the rear of the fuselage. The avera~e
value of EH for all stations was between 1.3 ‘and 1. .
The variation of H with angle of attack was small and
inconsistent. Because ”past tests appear to in~cate tti”~-”-
the boundary layer will separate when the val~e of H is
between 1.8 and 2.6 (reference 6), separation on the ““
fuselage of this airplane does not appear imminent.

CONCLUSIONS

As a result of the investigation of the boundary
layer on the fuselage of a model of.a typical monoplane
fighter airplane with a single liquid-cooled engine, it
was found that:

1. For the range of angles of attack and fuselage
stations investigated, the msximum displacement thickness
of the boundary la er was almost 1.2 inches at the most

irearward station ( 1.6 percent of the “fuselage length).

2. The favorable pressure gradient over the windshield-
canopy combination thinned the boundary layer on top of
the canopy, and the adverse pressure gradient in the wing-
fuselage juncture greatly increased the displacement thickn-
ess toward the rear of the juncture. .—



6 NACA TN NO. 1087

3. For all stations, the values of the turbulent-
boundary-layer shape parameter (ratio of displacement
thickness to momentum thickness) were between 1.3 and 1.4
and therefore separation did’not ‘appear imminent.

Langley Memorial Aeronautical Laboratory
National Advisory Committee. for Aeronautics

Langley Field, Vs., March,ll, 1946
.
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Figure l.- Side view of model mounted in the Langley full-scale tunnel.
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